Two Approaches for the Resolution of a Resources System Selection Problem for Distributed/Agile/Virtual Enterprises – A Contribution to the Broker Performance  by Ávila, Paulo et al.
 Procedia Technology  16 ( 2014 )  906 – 912 
Available online at www.sciencedirect.com
ScienceDirect
2212-0173 © 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of CENTERIS 2014.
doi: 10.1016/j.protcy.2014.10.042 
CENTERIS 2014 - Conference on ENTERprise Information Systems / ProjMAN 2014 - International 
Conference on Project MANagement / HCIST 2014 - International Conference on Health and Social 
Care Information Systems and Technologies 
Two approaches for the resolution of a resources system selection 
problem for Distributed/Agile/Virtual Enterprises – A contribution to 
the Broker performance 
Paulo Ávilaa,*, Alzira Motaa, Lino Costab, Goran Putnikb João Bastosa and Manuel Lopesa 
aPolitechnic of Porto, School of Engineering, Rua António Bernardino de Almeida 431. 4200-072 Porto, Portugal 
bUniversity of Minho, Campus de Gualtar, 4710-057 Braga, Portugal 
Abstract 
In the ambit of Distribute/Agile/Virtual Enterprises, the resources/partners selection process is a critical issue in order to guarantee the 
success of such enterprises. The selection process is complex in the large sense of the word and for that we advocate the necessity of a 
broker to perform that task, conveniently assisted by a tool. In order to contribute to its construction, this paper presents the resolution 
of a resources system selection problem, designated by Dependent or Integral Selection Method without Pre-selection of Transport 
Resources, with two algorithms, an exact solution algorithm and an approximate one. The results demonstrate that the exact solution 
algorithm limitations can be covered by the approximate algorithm. With those results, the broker has the knowledge to perform the 
selection with the most adequate algorithm for each case of the problem (depending of the number of tasks and pre-selected resources) 
addressed in this paper. This paper brings a contribution to broker performance for the selection process. 
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1. Introduction 
The concept of Distribute/Agile/Virtual Enterprise (D/A/V E) has been a subject of research and development. A 
D/A/V E can be distributed (several resources/partners distributed geographically), should be dynamic and has a virtual 
structure able to respond to a business opportunity, where the resources/partners involved (partially or in full), do not lose 
their identity or culture throughout the production process or D/A/V E life cycle. The development of such dynamic 
enterprises has led to increase the research interest in the resources selection process, as can be seen in [1]. 
The resources selection process is important either in the design phase or in the operating phase. The first one is 
critical to design the resources system of the D/A/V E and the second one to assure the maintenance of the system, i.e., to 
reconfigure the system in order to improve its performance. The resources selection models must be able to adapt to each 
specific projects of D/A/V E. In our model presented in [2] we consider two main phases, the pre-selection of resources 
(phase 1) and the resources system selection (RSS, phase 2). The RSS phase has been tackled of different ways 
(problems) and considering a few algorithms to solve each problem, as can be seen in the most important works in the 
area [3, 4, 5, 6, 7, 8, 9, 10]. In spite of that, none of them are aligned with the necessity of developing a broker tool and do 
not supply the desired information to its construction. In order to assist the development of a web prototype tool (broker 
tool), that integrates all the selection model activities and tools, and with the capacity to adequate to each D/A/V E project 
or instance (this is the major goal of our final project), we intend in this paper to define a domain of two different 
algorithms, one of them exact and the other one approximate based on a Genetic Algorithm (GA), for the resolution of a 
specific case of RSS problem. 
In section 2, we give a detailed description of the problem with the basic assumptions and present a mathematical 
formulation. In section 3, the performance of the two algorithms is showed and analyzed, one exact solution algorithm 
based on simplex and branch and bound, and the other one an approximate algorithm based on genetic algorithms. 
Finally, in section 4, the conclusions are drawn and future work delineated. 
2. Problem Description and Mathematical Formulation 
The RSS problem that integrates a D/A/V E, can be formulated from different forms or instances. Here in this paper 
we will address the following case: knowing a plan of processing tasks with restrictions/requisites asked by the D/A/V E 
manager, and knowing the pre-selected resources, with its necessary data for each task, the goal is to optimize a selection 
function f(x) that translates the better performance (or guarantees a good performance when it is not possible to certificate 
the optimal solution) of the resources system selected to perform the entire plan of processing tasks. This kind of problem 
was defined by Ávila, P. et al. as Dependent or Integral Selection Method without Pre-selection of Transport Resources 
(DSMWO) – It is a subset of the Dependent or Integral Selection Method where the parameters that reflect the 
distributiveness of the resources, as the transport time and cost, are estimated [11]. 
If we consider that each task is executed by only one resource, i.e., that there is no work split, and not considering the 
selection of transport resources, but considering estimated costs and times of transportation through the distances between 
resources (dependent selection method without a pre-selection of transportation resources), graphically this kind of 
resources system selection problem can be showed as it is in figure 1 and figure 2, and its result in figure 3. 
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Fig. 1. An example of the pre-selected resources for the plan of processing tasks [12]. 
We have one plan of processing tasks, figure 1, to be allocated to the pre-selected resources per task that are 
represented by dots and designated by rij inside each task Ti. Then, select the best resource system (RS) considering all 
possible combinations of these resources taking into account the necessity of transport between two consecutive 
processing tasks. For each pair of pre-selected resources for two consecutive processing tasks, the necessity of a 
transportation task, translated by dashed arrows in figure 2, with associated time and costs, can exist. 
 
Fig. 2. An example of the total transportation tasks to be considered in the RSS [12]. 
Assuming that, in our example, the solution has been found, i.e. the RSi selected, its constitution could be for example 
RSi = < r11, r21, r32, r42, r51, r61 >, as can be seen in figure 3. And, the value of the objective function (fc), considering the 
minimization of cost, considers all costs associated with the processing tasks (PCij) and the estimated costs of 
transportation between all adjacent processing resources (TCij,lm), is computed by the expression: fc = 
PC11+PC21+PC32+PC42 +PC51+PC61+TC11,42+TC42,61+TC21,51+TC32,51+TC51,61. 
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Fig. 3. An example of the resources system selected. 
This problem was described by the authors in Ávila et al. [13], as an integer programming optimization problem with 
the following mathematical formulation:  
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Nomenclature: 
Ti is a processing task  
PPT = {T1, T2, …, Tn} is the plan of processing tasks for the product  
n the total number of processing tasks 
rij is a pre-selected processing resource j to perform the processing task Ti 
Ri = {ri1, ri2, …, rik} represents the set of pre-selected resources that are able to perform task Ti 
ki is the number of pre-selected processing resources to perform the task Ti. If this number is equal for all the 
processing tasks, then ki = k 
PCij is the processing cost of task Ti for the resource j 
Tij,lm is the affectation of the transportation between the resource rij and resource rlm allocated at two adjacent tasks 
of the PPT 
TCij,lm is the transportation cost between the resource Rij and resource Rlm allocated at two adjacent tasks of the PPT 
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The objective function of cost (1) considers the two types of costs, processing, and transportation. The first constraint 
(2) imposes that each processing task is performed only by one resource. The next group of constraints (3) forces the 
variables to be binary. The last two constraints obligate that when each pair of adjacent resources are selected then its 
transportation is select too. Simultaneously, these constraints permit that a single resource can be selected without be the 
other adjacent resource. The formulation for minimization of the processing time is similar to the previous one. For that 
reason, we excuse to expose it here. 
3. Problem Resolution 
This optimization problem (1) was firstly solved by the authors in [13] using the bintprog solver of Matlab, that is a 
combination of the simplex algorithm with the branch and bound algorithm (exact solution algorithm). The results 
demonstrate that the runtime increases exponentially with the increase of the number of tasks (n) and pre-selected 
resources (k). The bintprog solver is only efficient for problems with a small number of tasks and resources, however, is 
not able to find a solution in a reasonable runtime for problems of a large dimension. In order to find an algorithm that 
reduces the runtime, even not giving an exact solution, we used a genetic algorithm, namely, the ga solver of Matlab 
using the adequate transposition of the problem.  
3.1. Simulation plan 
Several simulation experiences were carried out in order to test the practical usage of the two solvers, bintprog and ga, 
to solve the integer programming formulation of previous section. In all experiences, the number of pre-selected 
processing resources (k) was considered identical for all tasks. Several combinations of the number of processing tasks 
(n) and the number of pre-selected processing resources (k) were considered to assess the domain of applicability of the 
algorithms. In this study, the affectation costs and transportation costs were uniformly generated at random within the 
interval [1, 20]. Each generated instance of the problem is then solved by the two optimization algorithms for the same 
values. In the performed experiences, we have generated 10 different instances of the problem. This process intends to 
assure the generation of problem instances that simulate real world situations. 
3.2. Numerical Results with bintprog solver 
The figure 4 shows the results obtained for different combinations of n and k in terms of average computational time 
(in seconds). As expected, it can be observed that the computational time to perform the optimization process increases 
with k. For large values of n the growing of computational times compromises the application of the algorithm even with 
smaller values of k. It should be noted that these experiments correspond to very small instances of the problem that are 
not representative of real world instances. These findings show that it is crucial to use other approaches to solve medium 
or large instances of the problem. Approximate algorithms as Genetic Algorithms can be used to tackle large instances of 
the problem that cannot be solved by exact algorithms.  
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Fig. 4. Simulation results with bintprog solver. 
3.3. Numerical Results with ga solver 
For the same problem instances of bintprog, figure 5 shows the results obtained for the same combinations of 
n and k in terms of average computational time (in seconds). As can be seen in figure 5, the run time is not too 
much sensitive to the increase of k comparing with the increase of n. However, the runtime with ga is 
significantly less than with bintprog, and the quality of the solutions with ga demonstrate to be 96% equal to the 
optimal solution. This fact suggests that the broker tool must implement mechanisms of identify the complexity 
of the optimization RSS concerning a particular instance of the problem and select the most appropriate 
algorithm. 
 
Fig. 5. Simulation results with ga solver. 
Ϭ͕ϯ
Ϭ͕ϱ
Ϭ͕ϳ
Ϭ͕ϵ
ϭ͕ϭ
ϭ͕ϯ
Ϯ ϯ ϰ ϱ ϲ ϳ ϴ ϵ ϭϬ ϭϭ ϭϮ
ZƵ
Ŷ
ƚŝŵ
Ğ;
ƐĞ
ĐŽ
ŶĚ
ƐͿ
Ŭ
ŶсϭϮ
Ŷсϭϭ
ŶсϭϬ
Ŷсϵ
Ŷсϴ
Ŷсϳ
Ŷсϲ
Ŷсϱ
Ŷсϰ
Ŷсϯ
Ϭ
ϭϬϬϬ
ϮϬϬϬ
ϯϬϬϬ
ϰϬϬϬ
ϱϬϬϬ
ϲϬϬϬ
ϳϬϬϬ
Ϯ ϯ ϰ ϱ ϲ ϳ ϴ ϵ ϭϬ ϭϭ ϭϮ
ZƵ
Ŷ
ƚŝŵ
Ğ;
ƐĞ
ĐŽ
ŶĚ
ƐͿ
Ŭ
ŶсϭϮ
Ŷсϭϭ
ŶсϭϬ
Ŷсϵ
Ŷсϴ
Ŷсϳ
Ŷсϲ
Ŷсϱ
Ŷсϰ
Ŷсϯ
912   Paulo Ávila et al. /  Procedia Technology  16 ( 2014 )  906 – 912 
4. Conclusion 
This paper presented the results of two algorithms to solve a kind of RSS problem, the Dependent or Integral Selection 
Method without Pre-selection of Transport Resources, for D/A/V E, in order to assist the development of a broker toll to 
perform the resources selection process. With the results of the two algorithms, the broker now can decide what is the 
appropriate algorithm to perform the RSS problem, because the domain of exact solution algorithm is limited in terms of 
k and n. As a main conclusion, can be sad that for the Dependent or Integral Selection Method without Pre-selection of 
Transport Resources, the broker has knowledge to perform the RSS with more effectiveness and efficiency. 
As a further work will be studied other kind of resources system selection problems just identified. 
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